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PURPOSE: To continuously produce a highly pure copper 
foil by rotating a cathode in an electrolytic cell 
having a cylindrical cathode and an anode located at an 
external circumference of the cathode, applying voltage 
across the both electrodes, electrodepositing copper on 
a very thin metal foil on the cathode and drawing it out. 

CONSTITUTION: A drum shaped cathode 14, and an 
anode 12 having a curvature matching that of, and 
located at a part of the outer circumference of, the 
drum are placed in an electrolytic cell 16 in which an 
electrolyte soln. 18 comprising cuprous sulfate and 
sulfuric acid is contained. The Cu ions In the 
electrolyte soln. 18 are electrodeposited as metal 
copper on a metal foil on the external surface of time 
cathode 14 by applying voltage across the anode 12 and 
the cathode 14. A thin copper foil 20 is continuously 
drawn out from the electrolytic cell 16 by rotating the 
cathode 14. By adding consumed Cu ions to the sulfuric 
acid from a sulfuric acid vessel 32, and copper from a 
copper vessel 36 to a controlling vessel 26 of the 
electrolyte soln, 18, and together by adding organic 
substances 40, 46 such as saccharin as a lustering agent 
of the copper foil and by removing the chlorine content 
in the electrolyte soln., a thin copper foil 20 of 




<i9)B*www (jp) (i2> ^£ fj^ £t $g (a) (umwmm^mmn 

#HfW7- 188969 

(43)^PBB 7 ^(1995) 7£25B 



(51) IntCL 6 




F 1 




C 2 5 D 1/04 


3 11 






// H 0 5 K 3/38 


B 7011 -4E 












W*^©»44 OL (^13 M) 




^¥6 - 257212 


(7l)fflIPA 


594064150 








if— A>H iH'hnri'X -f>n-# 




spj& 6 *f(1994) 10mi B 












Gould Electronics I 


(31){S5fctft*3&iMt 


08/141, 483 




ncorporated 


(32)fitffcB 


1993^10^ 22 B 




T^'JA^-SRta ^/W* 44095, -f — 




3RH (US) 




X r l/n — -< X / — ji^/a — r 








35129 






(72) &wm 










7*U*'&*« */W* 44143, ^ 
















553 


















(54) [^W^^fti] 








(57) mm] 









mm) 7'') > hfflp&mimmi~iim&, *-vi->y 
[t#fijc] (a) r j - vis a xfii v - Y'nfflizmwmm 

& iff ;::r- £ aWPKgffiiiffl 

WS&WBtli-fa 0 . l-l!)5A/cm z tf>SEffl-C&.& ; ii 
XIT (P.) ceo* v- C ffltS & ft ii" & II IIS fr laft 

1-&0 



(2) 

] 

< its i o 5 ? o > i t-wf^* -f x&w-r & 
um®2] 2 iiviz&iiziik-kvm-jj&Ms 7, o 

0 0 -ft 1 2 0 , 0 0 0 p s i COiKlffltC*^, Ih*J1 1 

3 ] 23t Tiffin £ il^«iO«Sp7i«*!j 4 % -ft 10 

1 2%oiEIStc&&, M*JR lUEISwJSo 
Ml*$ 4 ] 18 0 tlCfctt^fcWJtSf ;W s ft 2 5 , 

0 0 0-^3 5, 0 0 0 p s i <T>mm~hh. W*Jg 1 

[W*«5] 1 8 Ot-CfflSgS<iA:ffa^*«, ftl 5 
%-ft2 8%0$E|fflU<fc^ W?Mi idE*W>fS„ 
[W*Jfl 6 ] 2 - TTEffiSW^ 1 6 0 -ft 2 4 0 COfS 

IKJfcJfl 7 ] T-*?Jti7-* 4 Xa<ft 1 5 f n > £ -COTHJ- 
-f XT-* & , m$ft 1 20 
[AlpRJtt 8 1 mW&i) % 1 P C ? y x 1 «fc IF 7 7 7, 3 

9] »7e1lt^ftl 5%*ai-c**, WM 

1 CEtcll, 

10] y h ffll#ti-&%0 R tmri*ft 1 -ft 1 

[»*« 1 1 i mmmm^ r t«a f » 6 s * a > 

[!S*S 12] < £ 1 cxofltcjgffi $ iifc^fc 

< k i> 1 oo**fcJ±BMMw*liSft£;lifcJB **ri- 30 
S, W*« 1 IcfSRoffio 

Iffl^Jg 13] *J?4t < k fc 1 orofltcjiffl SJtfc^fc 

< k 1 ■oCO&mmZ'fiL, ttiR|OiRi)<, 1" > v 

[IS** 14] >pta < k 4> 1 ocoffluaffl $ <ifc^4 

< fci 1 oo&WHfcWU K^KOW^RtJ*, IS, * 
DA, i'Di • SHIS, is «t - - v + >\s 

<b & £> jgJR $ ft * , W*JH U-IEW^fflo 40 

[W^ii 15] 'ptt < k 1 1 oontcjgffl snfc^s 

If , jo J: OUeW-w&Kl Uilffi $ iifc^fc < k 1 o 

^^ft*»f>44»5&»«>a#ts<i4, is*® i tcsmo so 



#r»fl¥ 7 - 1 8 8 9 6 9 

2 

16] 23 "C-epJ^? n^ift 8 7, 0 0 0 - 
ft 1 2 0 , 0 0 0 p s i (OmWMfciztftiiRtltS X V s 1 8 

o "C-e-ii^^ ixtzm i 5 %-ft 2 8 %«o^y f ^*Wf-& 

1 7 ] ^nmzwffim&ts x tmswtftw 

4- < -€- LTft 1 5 ^ a > i 'C^mMl-^^ XZ-<ti~tZ> 
tttHflit*i*o, ffi*JSl 6i:ie«<75?gT**oT. *K 

IW^JS 18] 23 t:<7)ffi-^Jt?1^75 f ft 95, 000 
-ft 1 2 0, 0 0 0 p s i <7?i&Ht-&£, W^iSl 6C 

[If im 19] 23 ICTiia S n^#t>'^7l s ft 4 % - 

fti 2%<Dmm\zh%>^ m$<Mi eizrim^o 

[IS*JB2 0] 18 0 < C(7)ft^n:?S^75 { ft2 5,0 0 
0-ft35, OOOpsi W^EBlCfcS, 6 1: 

im^m 2 1] 18 0 r-Cffl'TE^ ilfcf*0^3i«tt 1 8 

%-ft2 n%wttifflu*i, iii'pJtJRi 6 t;iE«w?Ba 

[HS*Jg 2 2] 3t - yi$)£1&7!>*ft 1 6 0 -ft 2 4 0 O 

2 3 ] mmtL^ i xm^ o . i -ft o . 5 

eoffi|fflu4>4, 1«;R«1 6 UE*W>fS«> 
[M*JI2 4] i«HEIS^*I PC?7X l is*?/??* 

im>m 2 5 ] m^mt^fo 1 5 ^> 11** 

1 6 lCfS$Sc<D?g 0 

[lil*^ 2 6] v y h flffitrff R tm^m 1 -ft 1 
0;?P >CDSgH(Z&&, IS** 1 6 l-ie«w?So 

[Bit 2 7 ] *7RfflJF.ttf*?S«) R tmrt ? ft 6 5 ^ a > 
*SI«>, li*JS 1 6 (Cf£tt<75?So 

2 8] < k t> i oofflij izmm 2 ntzm t 

4, Sf4*lll 6{CfefcC0?g o ' 

2 9] < k <> 1 ctfopjicigffl S <t^:^«r 

fii - io x mm - - y *r *> h * z, h 

[nffijRJH 3 0] < k (> 1 ooflicaffl $ 

< k *> 1 owili^WL fg^KJlco&W^ a, ^ 

[M*3g 3 1 I >Pta < k <> 1 ooflHcjgffl & n^^S 
fciiBtftfPlOiJ'ft < k t 1 oofflffifb$iifc», IMfiiS 
%%i\tzm\Zim^ixtz'^ii < t 1 o(7j»— 



3 

So 

[W*JS 3 2] 23 'CTil^ £ iLfctt 8 7, 0 0 0- 

ft i 2 o, o o o p s i «o$efflojii-AWiM;j, i 8 or 
■cara $ iifcft 1 5 %-ft 2 8 o/omwim. ts x if-^n 
mzmmtttte x om*£$sw& < , * lt wkt- 

-T Xri*ft 1 5 9 n > i T*tf)3IHfi-Jlc— 1f T 7 > a tc 10 
3 3] < 1 & 1 owRWIUfefcKSMI L 

34] n-<tii oo«*ttairfrK8f* l 

js i 6 cie^jss-a^-r^^ < k 

m : 20 
(a) r j - v jo «£ ?>' * v - k<7) iaj i - Wftiii m & i& t , 

mw.ffimmm4*>, mmi 
m-wnsm-i* >mm^ i p p m*st-c* *> ; vans 

K^ft 0 . l-|()5A/cra ! cotsisi;* & ; Jo i 0-* 
( B ) f£ * v - Krt> 6 ^ £ Ft* -f -o Ig 0 

[w*« 3 6 ] mittmmwatf'j?* <tu 

7 ^ > , W*JS 3 5 (ClE«<0^?io 30 

[W*jR3 7] irwE^rttiSiintt^^u^fc-c*** 
im>m 3 s i nr#tt);fs/jii , #j^\ * * 

#7x^>, fJfic, tfT-ifl*^ 77 tfT=TA, 

'J-fvyntfU/yj^-iK v-f-:}- M"f h-fl', 7° 
□ 'J>, k: KnJrv-/o 'J yXfO, 77'J;u-7 

-> K, X -7 A 7;V * > X b „ + * JW* -10 

[BB«JH3 9] flW1lttWg%*<« ft 2 5 -ft 1 2 5?' 
5VJ -7 h'>K^|£BI<7>ffi'f*>«lE, ftl 0-ft3 0 

0 y h^KOiglffl^iglllcK-f ft 

1 . 2 -ft 1 . 8A/cm ! cominL?Bffi, ft 2 5 "C-ft 

1 0 0 r<OH£ff*ifcML Jo X t>*ft 0 . 2 -ft 5 p< - h ^ 



#HfW 7 - 1 8 8 9 6 9 

4 

irrf*Jl4 0] 1WEJS*>il?4r < t ] o<7)ffilj|C, ^-^ 

< t i> i ow^«o*a/i]-r*xe*^ri-4M5Mi3 5 

[S!??Krl4 2 ] Rfrie?sw^-4- < 1 1 1 -omU-'P* < 

at iow^jga^iiffli"^xfi*^r-rsif*^(3 51: 

7 n /, - Jo «t - =. y >r 

<hi owtff-w<tews7i t ja/n+4T.e4:^ri-43S* 

jS3 5t;B2«w-/3riT"*)o-c, «D:feWf<7>&iS 

da, j-da - 1>I&#&, 3EIS> Jo ± yiEIS - - -y -y- ;u 
^■^f)4-*?ff^fb3i4ji:^Jt5, IW5jciH 3 5lc8Bi|K<7)» 

IBWefi 4 4 ] WTWXS£irirffi]?B^S!Jii7r£ : 

(A ) 7 7 - KJo «t U-** V - K<S9|B]tC«JBigiff*a£ 

•e- LTK7 y - KJo iOTBE* V- KWRfllC, IS* 7- K 

s ; - i t% igmfti-igift (tffi < ^- > , mm 4 * > , Jo <t 

JlJlS -f * > itffi^'ft 0 . 5 ppm*S|-C* I) ; Hali^ffiA* 
ft 1 . 2 -ft 1 . 8 A/ c m*tf>fSEBU£> 0 ; Mlttfl?i§ 

i?^{c^^r^i/J^c^J5w^^v;Jll;$/^^ ^ ft o . 1 -ft 3 0 m 

g/53-/k AW$Slfflt-*-6 ; JoiLK 

(B) R*v- K^«b &Xfi 0 

[0 0 0 1 ] 

Iffifl! k^fUfflflWl WVlii, 7>J > HolSftJS+g (P 
C B) <7>SittC*ffl&**fJa!?BJo «k tf-f-WStffiKWN- 

[0 0 0 2] 

[f^wiiwi mmizxz>mm<nmm±, t/-k, * 
v— k, ««?§?(t jo «t u t nt%a! t sirt * mMfzm-b * 

UUH-g-J^-C^UJl Ltv'So Wft¥Sil±H»K * > tacafc-f 
^ > Sr L 7 / - K t ii v - h'co W * ffi. ix h 0 fSE7) f 
7 V - K t * 7- KWWtCjni "b LTflaJ^* V - 



5 

K±u*rttt-r a, mnmmit, ftmmzu, mm, mm 

[0 0 0 3] WMfflffiU mkT' P C B Sit* 

<Offi?I<7)g|$7t-£, a**tcH*10*tt*fflv»T, PCB 
. *>SPW4®R*®l8t-*"* 4 3 ? ^> ^i"4o x?f 

[0 0 0 4 ] PCBCDffla a p(;iIfflnTtb-e*^.^i6(C, #3 
?SI4 rfi7"n7-<^J IcftUfWSift/C, i-y^>^14fc -f 

wcktmtj (urs) iWL-rwawnwav'ft^^icK 

-t£i:, IfMWT-ffii&l/c (measles and embedded) W&J 4: 

t±, 7^-1- UK l -c fttfuisiv ^Miay^* f » ft* 
v ? a«±-r*o u t s ©i&^fsiiJRJS^ft;: Lt>*«*fe i: 

^ o 

[0 0 0 5] jfelfftWii, SIS^'-^f>^^< WttJf* 

ilim^iit^So ^rtt^tnmr^s J: c«Kr i p pmJ» 
Twffi5!ii«ffitf>«[3ft -f -t > 4- 111 v > & iftottffl 1- 

tr«*w«:*B6*ffi(= 4 or, p c Bfc-mshizmmmt 

[0 0 0 6] Lakshmanan h . ' r^»«<Si?IRUi3ltSta 
Sf-f ^"><7)f^#'J Journal of Applied Eleclrochemistr 
y 7 (1977) 81-90, 14, Sfl^titUfclt&J&S^- 

r-ii, feT9 < ? KflfEftfimj)*, aawftji^v^wflt-c 
4 <<^^n-2>o ioppn«si2*-e«ojia5ii'^><7)?.^jiiii;§ 

«S«rfiT 4 0 ^igSwScftwWa'. SrffiJt 

■f 2. „ H£}ilE?ff J£-J4 f 'l0 A / 7Y-I- [0. 043 A / c m 

/^F/j^ -f - I- [0.016 -0. 043 A/ cnr ] WiffiBflT'MSfc 

[0 0 0 7] Anderson b, VtW&M^W3&&\ Jo 
urnal of Applied Electrochemistry 15(1985) 631-63 

7. i±, mm* * -e-itMrf 



( 4 ) 7 - 1 8 8 9 6 9 

6 

T-^i-g £ ix tz MitmS. I 4 , 20— 50m A/ c rrr [0. 02-0: 
05A/cm z J wEiliHT-abi 0 lii^H * >iSlJ£(±, 0-1 
00ppm«O|6fflT-* 4It ?ftTV'5, 

[0 0 0 8] Kuwakof> . [%iM%%tii&7°U 7 i )X<D'MM 
mWi\ Printed Circuit World Convention 5, Technica 
I Paper No. B 8/1, (1990), 14, JSIIftttT-fl- -f X, ^ 

mmmiz gnus* *ffi&i3 z&tz wMmmtrnft l t 

v»4 0 ^co^ciiticj:^, t, zwffitiK ^-50^-0 "Ctc 
Jytt^^eOKg/mm 2 (85,320psi)^P>, *-}200'Ctwi3tt* 
^20Kg/mm 2 (28, 44Qpsi)0«*tn38* - t 

+ i 0 f$t>*^l4, *5j-50C~«j290 t:<0?aKKHU*iv> 

t, *?j 6 %-*<]io%<75i6iai-e^)^o 

[0 0 0 9] ^Bl^nr-^2. 475, 974 f(±, l-'JxV- 

0, 000^^73, OOOpsi . 3=3: WCK'f?*^ %- 9 
20 tilfe 4" i 73 a- * L T v » * o 

[0010] *|iI#rr-^2, 4 82, 354-^(3, l> 'J < V y'a 

><i;-)v-Txyz^-tz>m* y*®zm^x, ms.tt 

7i^j65, 000-^<j90, OOOpsi , 3o <t IfWVWW/o -\2%<T> 

[0 0 11] *gj!|#lt^4, 956, 053-^-13, ^TJttUGsot 
op i ca 1 1 y) mm 2 il tzMM. J) V - K, 7vfi^>gLffitt^O 
SWfR, 33 4^\ fflffcift, ftfbft. ^tSfb^^J:^ 

30 |JH^i--6o C <r>-Jm-?$m $ n/c?S 14 , «^4!SW.(mic 
ro-void)*^ < , t£*<0«3»JSU < «b^MWtZ4 l)i« 
t>2Wltife^ h UX(;»xf#a o f^^75^wpjt(4i 

[0 0 12] *il#st-S!5, 181,770-5f(4, 0.5-2.5ppmi 
^I4l0-50ppm0v»-f iiTj^tSjt^'f * >i'^IJ£W«:ftlv§ 

it * ffl w » x m ?g i m& -r h mmm * mmr z> 0 z <dxw. 

[0 0 1 3] W0 91/1902414, mXZX'm^ixtzWlf^ 
4 0 75^5. 5% 4 i) 7v ^ < , 23'CT'?nij7c & ix tiHrktiSlkfi & 
mo, OOOps i 4 0 7C § < , H 4 tZ-v 7 h ffl (mat te-s i de) 
l\ Im7>^j4. 5-|^18/< m W.filiHr'*^m^fffl?Pj*|!3/p-^ 

(D'jmii : *, ffl -f * > 45 4 c^TufcRS * * > * w-t 2. m 
*f tbfS 4 Xf!-C& o T . c: coig* J ^20ppm 4 0 

^4 v >ttf tW -f * > * + 4 IfS ; 45 4 1>'^200 -*t)3 
000T >s<T/W-Ji7 f - I- [0.22-3. 23 A/ c nr ]<7)f£ 

50 [0014J 



(5) 



*MS&»Tli, zcomi. 23*CTiP.iJ^?it/c^87.000- 
#tjl20, OOOps i WttffiOfbfcffiSlttK 180"C-eilllj5E $ ftfc 
#5jl5%J»^tt28%W#O t 5|54:*+4o *%UBli*fc, X 

BofSwMj&frffiuW U i^ffiii: (A) ry-K 
t * v - KoMK^i&iSfcStE L. mfSBT J-Vt mil 10 

r±&irax.*xs ; ---e, mfiff^iiffi-f^^^ SESfc-f 

±> «£ < t <> 1 oco^«^M^i/c(±-e<7)l5S- 

sft^-Q-* u ^w^iK^w^ -r * >au£i±& i ppm 

*tVC*«J ; mi;f?Slt^0.1~-^5A/cm ;! (OiEffliC*> 

4 ; *><fc£MB) XK* v- KjMaiM8*l!ft*i-*Xfi 
[0 0 15] 

# ^m)PMII07/865, 791^-OT— SMBMfcttilfi'C**.. £ft 
J: VJBL&J&m'lk < 'c L'Oti 1 0 ±?a> i'CO^HM 

t 1 ocofflUilffl^n/j^^: < t 1 fctiK 30 

T*(4, *#§W±, 4>£< fct 1 OOflUCiiffl^n^* 

V«)£JR<i, Ov^A, 3FJ&, $&, -vtK's 
h , M - HIIIS^, ffi - *5 «t 0«3Eft - - ? ^ * 

[0016] -^w^nmmu 'ptz < t i> 1 o^n 

L, ±E«— O&RO't'W&Rll^ -l^-v-VA, MIS, 
H X O'ilEIS - - * Ji"^^ "b £ £ p/^biHR £ ft. K 

[ooi7] -^mwzbizrjwmMit. u^mm<r>m 50 



^^¥7 - 1 8 8 9 6 9 

8 

iiSUML, -<o^Jffi-l±, (A) TJ-YtoZViiv- 

lizmmfc ^^l, mmi&mm J*y mstwto 1 

p pm*iM-C* •) ; «8l£*ffi**J 0 . I 5 A/cm 
•c^iiiEffltc*^ i^J:^" (B) v- KjJ»<bSH*ife* 

[0 0 18] $%^<7)$ blzwimmWlt, KMmtacoWl 

mu-mzm u z\(omm> mtmwp* <itioo 

[0 0 l 9] ^^P^to^bt-BiJ^^iSii, m*i|5l?S<7)$!l 
■ii^icua wCO^rili, (A) T y — KiJ«t V* V 
- K<0WKW»iSifc*» U LTXIST y - Kfc «t zf 
Xffii* v- KOlUltz, ±§d* v- K±.U*M f #fHl-*-* <t 

t ft^ntt*:«w«EE*e[jJ!ni+*xe ; ±.mmm 

jjs-j 0 . 5 ppm^p-e* <o ; WMft&tityJ 1 • 2-^1. 

8 a/ c m 2 (nm.m~h 1 ; mwM : &m~-ftir %>wm\- 

fr-ho-ymm&tffo 0 . 1 -tt 3 0 m g /*/ k A 
|iBU*4Xifl ; teZV (B) ft*V-K3i»^«S:l^*-*" 

[0 0 2 0] a|e$MJ«>iflfSli, WlW^ii^ft^n^ -f ^ 
■f - > ^'1H;i5 tz/<(>\£-r>x wm i 3fiit+ 4 c t y^-c 
li^WMUnttttfitf* i OTRftiiS?*** < > *&10 5 ^ 

o > f -eco^fiT-y- -f X * WX 4 o i o<75*i&E g .#t? 

u^i|iLKf^.^Wi"4c, fill* <7)'JSifc^^trl±» ^5fel!n<75^i 

Te-Cli^^t, Cfcl^^it^'iJnX ttJJi^Csl ittin 

g), 5t*tt(di illing))c7?^«^tC, i O^'V^SJt*:^' 
L, 1 tjC^vST- 1 P C (Institute for Interconnecting 
and Packaging Electronic Circuits) 1 iSXlf 

fc^+o *f§0^»isi±, jfrwaaott^itwKj] ppm* 



(6) 

9 

m £ & mmim-Jim- 4 o t ?# b n & 0 
[0021] i owitiifii, -^mmm^t. * 
km k remits; t-*5 4 mxtitimv* < , ^Hf^ -« 

4, ;:t, MSB r+KWunti-^tt-T-JsiOTUiJaJS 1 
^&t,\| li, tetA,t'<r>m-?. *WR<D&<r>WMim& 

flMSWfcv^fc, L^Lt&tLT, ^-ficonS^tli 1 
i3 4 t>*/* fcl4R&##jM8&S:M§*#fSt::£cK 
WC*4o 1 ooHifeSB«-Cl4, *§&W>&I4, «7W« 10 
tei> 0 $|g^o?S^*SjtiT-9-'f'X|±, 4*4L<i4ftl0 

T&O, £bic4** L<l4ft2 5^D>itt*5 0 1 
oconjfegs^-eii, sp*Mfc : p»f- f Xi±ft l ^o>if 
<75$Effli;ab 0 , -e LT i> n l owf3WB»-p(i, ft0.05 
-ft] 5?p>w«ffli:*f), SUw^$lt*Tt4ft0.05 
-ftO. 8 5 * n 19 , Lt1teO*ffiffl»-e«i*!l0. 1 

-ftO. 5 < * a > t*> 0 , •€- Lti^# h \z\&<r>%W& 
f;]£T*t4ft0. 2 - ftO. /I 5 ? n > "C#> -Z> □ 

[0 0 2 2] 1 owlfeiit'li^ *S&W*>fH?S«023 , C 20 
t-^lt-& U T S 14, IPC- TM - 6 5 0 (Dmktll 2 . 
4 . 1 8 4** L < I4ft87. OOOpsi -ftl20, OOOp 

siOj&fflU* 0 , 4 0 Iff* L < I4ft90, OOOpsi -ftl20, 0 
OOpsi OlEffllc A •) , 4 0 ffJL< !4ft92. 000-ftl20, 0 
00psiT& 0 , 4 0 /if* L < I4ft95, 000-ftl20, OOOpsi 
tl£> 0, LT 1 oroStSifli, ft95, OOOpsi -ftl 
10, OOOpsi X'h 0, gU^ftttSSW-Cli* ft95, OOOpsi -ft 
105, OOOpsiT* 0 , £ b USiJ«0^jSfeSB^-C(±, ft95, 000 
psi-ftl00.000psiT-&£o 1 o<7)HJfe:#t*T-(±, MfH 
<7)l#I£?££fflv>T, ^^b(O|Scoi80t:Ufctt^UTS 30 
14, 4** L < (4ft25, OOOpsi -ft35, OOOpsi cotSffltiab 
0 , tLTl oOttfigfllU, ft27, OOOpsi ~ft31 , 000p 
siT$>-2> 0 

[0 0 2 3] l mmffifm-ci*. ztihn&naViz 
tetf&WV-'mi. 1 PC - TM - 6 5 0<75W&2. 
4.18 &fflv>T, 4*4 L < 14ft 4 %-ftl2%T* 0 , 
f Ltio OH jfeSMfcT !4ft 7 % -ft 9 %T& -2. „ lo 
C0Ht&r#»T-(4 , - it b W?5C01 80t: tC 43 1 1 4 fl> VW- 
14, 4*4 L < (4ftl5%-ft28%T& 0 , 1 oOSIii 
T(4, ftl8%-ft28%T&0 , *?Ml!i03gfflL#J&-e(4, 40 
lMBOi#©!i££fflv>T, ftl8%-ft25%T*&0, -fit 

-e <o iuw^iflifl8«-e 14 , ft2i % - ft 25% -e&* 0 

[0 0 2 4 ] ^%BJ3W?S<7)ttWW14Kl4, 1 P C - C F 
- 1 5 0 E4>W 1 PCtC4oT!|#^E$n-2)^ 7* 1 45 4 
J>'?7X3 C0fl£*il5l?SWM^US*$it-2,SfSOS^?r 
liJ. ffioT, *f&TOw?gl4, ^7X1^7X30 

[0 0 2 5] W3ffll*Tl£ffi£it£ffiIB 
(4 , fS* V 7°^ * 200"C O?rtli§T3055-Min& L tz f&<7>23 
'CU33(t-&UTS<75g!c-ft i Sr^liNci"*o -it b 0?S«Dj%# 50 



7 - 1 8 8 9 6 9 

10 

5E14I4, 4*4 L < !4ftl5%*pT-ab >9 , f LtlooS 

ao&*M<jU#a&vfil4, * > -7*;u &lj||^&ntfOffi<7) u 
TS fcjfctfc$fifcfc*> 23tUiJ»t&UT S««M 1 
7i ? , 4*4 L < l4ftl5%*PiT-* I) , * LT 1 o^-MUm 
tfc-CMi, fti0%*ifflTabS o 
[0 0 2 6] :tftlfl^}g02rcu&lt & * - 
(Knoop Hardness Number) (KHN) 14, ASTMgtftftE 

3 8 4 - 8 9 £fflv>T, «r* L < !4ftl60-ft240OfSffi 

•) , ■€■ LT 1 oco«]ffi^fiT-(4ft200~ft230T-<& 

[0 0 2 7] *§§IMO^?ai4, »i L < 14ft 1 -ftlO 5 
?a>(T>-?y hflJMMfcl-rSffi®)^ (amatte-side raw foi 
1 roughnesse), Rtm£*L, -?■ Lt 1 owHilttT* 

14, ft 2 -ft 8 5 9 u yx-h n , -e Lxz<nm<n$kwm. 

«T-I4ft3~ft6 5 ^D>T*S 0 Rtml4, 5ocojg^ 
-ta-^y/') >^R^<75-5-it-rit7)^t7), fc?-?wjl.£ 
b 4 TwaiS^jfp)|EBB<oft^:<o¥t4jfflT* 0 , ^ 
it(4Rank Taylor I lobson, Ltd., Loicosler, linyland^ s 

[0 0 2 8] ditb<n|Sc07fe^McORtm(4, 4fiL< 14 
ft >5|cpT-* 13 , 4 0 4*4 L < 14ft 5 5 9 a > 

*PT*> •) , •€■ LT4T-4 L < !4ft 2 -ft 6 5 j' n >0$g 
lillic^ fj , ^ h U4* 4 L < 14ft 2 -ft 5 5 ? a ><7>l6ffl 
tc*4 0 1 ocoHJffi$M*TI4, Ciite><o?g<7)*fRffioR 
tm!4, ftl. 5-2. 0 5 ?v>X$>l0, m<DMWMU 
T!4ft 1 . 0 - 2 . 0^n>f*.5„ 

[0 0 2 9] Citb^?S^afit4, 4*4 L< 14ft 1/ 
8-ftl4*>x/¥:>?7-f- hO|EBBU*0, 4 0 4*4 
L < 14ft 1 / 4 -ft 6 * > X/W-Uy < - V T* 0 , £ 
b (C4*4 L < (4ft 1 / 2 -ft 2 * > X/Jp-;j7 -f — h T* 
db-5.o 1 owiftli^WT^, CitbC0?i5(4, ft 1/2, 
1 $>4V.(4 2 ^>X/ 3 P^J7V - l-SOEm&W-^&o 1 
/ 2 * > x/?-?37 < - h Wfflffl:co?g(4, iVIWS^^ft 
175^a>-e*>4 0 1 ^>^/¥7?7 -f - hcoSft^vS 
(4 , ^ 7) ? ft35 5 ^ a > T h Z> o 2 ^ > X 7 

-f- h<7)ffiffl:<7)vill4, &#lp$^ft70 5 ^o>t**)-5) 0 
?f (/»JgC0Rtm(4, (?v»?g4 f)/h£vMtSfo]A*£>&o f^^ 
T, f?Ux.(4*, 2 -A- >^/W-117 < ~ )-Wffl.iriCO?iSl4, 1 
oflJUttiKtfcUa'bit* 4 -7 ft 1 -ft 4 5 ^ o >co 
iBlillllW-,' y hfliUStJS (matte side raw foi I) R lm&#i" 
4 0 Cit(CJtLT, 1 /2*>X/sp*7-f- rWfifi 
<7)?SI4, 1 oOKEfltfl8«HC*v>Tli, ft 5 -ft 7 5 * o 

[0030] *»wwa*o*t(iia6ttuae)<t*jfe4w 

4 t*64 0 
[0 0 3 1 ] 

[it 1 ] 
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(I)* 9Wl*U T S 



(7) 

(c)5 ; *- bXffi«FttCD«[S 



#F*W 7 - 1 8 8 9 6 9 



12 



(e)5 i v#-< K<o«4> 



(3)180'CT-cDi8SlM*y : ^ 



(4Ka)iH©«*S,iHt©l 



(6) i pc?5xi fejiot 



[0032] *wmtt'?f$^bix2>mm na^n^-T 

*d li, ii?S^iBcoffi?<75fMS^{B:^-i:5rS:fl*L, # 30 

[0033] *mmwx*wm2ir&mm r*«ta«>j & 

it/ ni (tt») <0J li, »OttR*ri5feA4>ittafi^t+ 
* @l'J : JT\ ^KKirWi!yffl*ff o-Cv»&v»RWfl-WJS«:* 
n^T^o *Wji*Ti'i!ffl$n^ilf& [i&MZiitz] li, 

■t 4 c ci (D^maiii < iffiffljw 4 <r>X'h *) , fMcA-JKIifl 
< t 1 ocoflffl Hjiin <ti>] mffittz 

imitmnmmtziitzmi^Lx^&o 
[oo34] i -ocnmmmms. mmmttzitrntm 

li, JSw^fc < t i> 1 o<r>®\l-MfB2fttz'J>% <ti>l 
h , $9 - iilif IPJ - IS3-&, is J: tflitt - - ? >r a> 

[0035] looaast-e, w»*ws*fc«iat«}s 50 



ii, mt>'j>& <ti>i ooflHcjafflsn*, <tt 

4>^#«(i, IS, ?nA, ^nA-li&^t, 3EI&joi 

[0 0 3 6] 1 o<&fSJfiB«-CI±, fiR#m?S*fcliattt 
fall, ?S<^£ < t i 1 -o^Htiigfflsn^^^ < i: (> 
1 owfH*fcJiBMtlH<'5iBlliBfb*n^:«, £*>fflBHbS 

±fEf£— W^Wi'+'^Sti, -Ov^A, 3E 

iri, is, - -y v>K 3 7f;w h , m - mfiftte. m - is-fr 
*3 «t - - v £> & h s a» ib ®}r $ 

±e»— w^«iB'i ,, «>&«i±, is, ?da, 7 DA 

- aO&fc-ft, lil& J5 i tf3E« - - v >r £ 4 
[0 0 3 7] *%WW#3fS«±, ¥»-C*iR^** (K7 

■A) «, &£i>\ m\*t fzu-^y h (iisi^wai-r^Hfj 
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» 4 l v \, * a? * i$®ti *■ 7 x ages < bWfl- 

[0038] K7),H!JS!i(CC±, 7"'J 7"U y '/<&jj 

ft (assemblage) Wf»*.fiia (stack) tcr-fe>7*^-r^>o 10 
#*&ftt±, -€-Oif*,?>*»«5fliU-t![0«**i-4yj 
^7 7*>- -*rLT&WC£v>T, fflrS 

h<7)T-y Ml 14, 7°'; ^7 7*v- HCiSt LTfi 

el, -e^*, ?s<o->- h m&'Mi<o&m 

[0039] »JSw v- hcop t flu i ftcoyj -y y*co 

7 5 h 7"i/^|I<5 r )|B'it; > If«7 5 Mim)£4*4 
D-TlVyJ 4- I -.lEflS £fft tc jJM t & „ 

[0 0 4 0] ^'J-Zl/v/li, SPflflMbLfc 2 @:nWDB 20 

^'Ey 1 ] & - t U 4 0 , S3?6'<7)-7 -y h flj frft < 7'U 
7"U y Vi-WLX'/UX L, L 'C ft £ft U x. «b l\ h 

#H»T*0, -tLT-e-iLASc, 5Si:7"U 7"U y ^'dlittif 

14, ^100~&750psi<9|£B<7)Ey*"l> ^160*C-235-CcO 

-T ?>\'i&-&-f2>o j±±^otzy i M4, 

> h K^mss ( p c b ) jituf ijffl $ 0 30 

[0 0 4 11 7 5*- M>«bPCB£pfH-&e7>U, £ 

[0 0 4 2] *mw<r>mikm*. wmmim^Lirix 
*s, -en^mw^hS-t 1^7 y - k t * v - k^musk 

*o fif* L- < lilWI, 0m*fcli'J-9-Y ^ 

it*o »K*h mm. *3«tO f 7K(4, ffiF4 L < I4&MS7* 
l/- KMt*5o flE#fifcfftW\ *T-4L<(4, *ffifW0fig 

***** v- K-e»&i-4o »4 l < 14, *£% 

4£<4, jSf^ys'Y 7'x ?^t/j^j/ict :i *-2>o '€it#ill4, * 
v- K^ISltei-^Uo^T, ifi^L-^fSeoliv^ftt L 

tbhi\%h» EHEi-** V- M4, *"F4L<i4, FlfiS"? 
s YV)V)VmX°$>ho L^U -tOfW^U, tVV-K 50 



1* frW 7 - 1 8 8 9 6 9 

]4 

t, t; v- Vlt^uJ^A y + LtXf/H'XlKfA 
T*4 0 7 /- K!4 X T y — K t * V— KomRR 
(-«o 4^1;, i^illl L A: * v - KO^Uj&oT, Milli 
LA^KSrLTV^o c:wWBK(±, ff*L<(4^0.2~ 
^2anWM^r*4o 

[0 0 4 3] r y - K t * v - K<75rflFf.^i/E^4mfili§ 
»OStai±, *f4L<l±, ttO. 2H$5m/f>-Cifc »), 4 

4 b<!4, itt«BSi|}*fiE3&^10~iKj300^5A/U y h 
^OiEBBtZ* 0 , »4 L < (4^60-^150^7 U/ 'J y 
4 L< 14^70-^120^7 A/ 'J -y 

h^t?*4o ^?ffM-t^^>l;ft??f^<0?aKl4 % WJL 
< 14, |^25 < C-*t)100 c CW|EHT*$) <9 , 4 Oftf 4 L < (4 

&4ot; - iwc -e*a 0 M i" * > iftK (Hi k s 

it4) (4, tF4L<(4, *t)25-^1257'7 A/'J y 
<7y$Elifl(c*> . 4 19 L < 14, ^60-^125^7 A/ 
>J v h JUT** •) , 3 t^ftT4 L < 14, #J90H&1 107*7 
A/U -y h;UT'*4 0 m»rL5&S!4fiST*f), ^0.1- 
#!j5r > / c m 2 «0$til2H(-* *) , 4 0 »4 L < (4, 
^0. 5-^3T >^T/ cm ! t'*l), £ <b H»4 L < 14 
2-*'jl.8T >^7'/ c m 2 
[0 0 4 4] mfi?v§?ffi4'<7)4 : F4 L < ^^Mflft (<tt*-f 
^->^l^<) </)i'^(4, Wiii;i4*'j2 7*7 A/ U y hJU 
4 t9»'g(;i4^500ppra *ifflr*$)4o 

Iff, iimi. 

[004 5] m%n^(om.n¥Si^<nmm^-< *>nk%. 

75 ? mST-fe •) , ft? 4 L< t4-b'OT;^>0 U'Li»it 
LTfiF 4 L < (4*tJ 1 ppm*ii*?-C3b 0 , 4 0 flF 4 L < I4lt) 
0. 5ppm5fe}tS|T*ab4 0 taSf -f t VjUJK^^O. 3ppm*)ST'i) 

-frLT 1 oco^4fii?S«-ci4, #5j0. 2ppm*}jS|-e* 
0 , LT-e-<75j(liO||4MWjT-l4*'j0. lppra*^T*#j 0 , 
? b IZ 4 ^^l!i«9^i&S#£T-(4^t;0. 06ppm5|crWT* 4 0 * 

+ & o flWffSift WJttHR -T * > wttv »tRjf£ * pj5ei" 4 7j 

14*, -»J-> T-JKf^ffiSI'f * >-a-**^0.01ppm'yy1g:iSS 

[0 0 4 6] mMfeWLiiK < H 1 oco^j^jnft 

tl^W^4^l4-eco^;jgW-WilK(4, 1 o<7)#te«WcT" 
14, ^3-*'jl00pniWif!ti|JJjt-^> '9 . f LT1 ^WMMilBM 
T'(4^5~*'jlO0ppmT-* <0 , LT $ "b (l-(tliW|ltSi^« 
T' (±#J7 - 1 OOppm-t?*) 4 o -ft-fSi^iJUft (4^5 ~*'o80ppm 

niikmmmvim ?w#> * lt i o<7>^i , t«T-<4^ 

7-^20ppmT**4 o 1 oO|g^r#.^T-l4*fi'11"^)JDftl4, 



(9) 
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1 mm t tz \t^i\vx±.<r>mm<r> ■v ? y -e* z> „ ^iw«n 

[oo4 7] i ow*«ait»-c(i» -ftMmfsMi^f±, 

•jxf i/>y)3-)K rKU 7"n t: 3-.il/, # 

>K T5/g$ (f?iJx.(f\ 7*nv> ( tKo + v/nU 10 
>. yXf-f > & t*) , 7)'Ji7U\ XJWtynt: 
H/v'x;!/? 4 K, f F7if*f^7^yx^7^ K, 

-K -f- + *;u^<^ -f )Uv'x^7 -f K, Wi-?-<7)I§ 

[0 0 4 8] i ^<Dmm»r\ mm^m-r 
z> m)i&& )yd\m)m $ n z> u :« 7 n - -> - h 

£111 U7frf 0 -O^iiT-fflv^^Kti, T/-K1 20 
2 , * V - K 1 4 , t&ff 1 6 , H X TfW&mWL 1 8 £ 'sL 
ttSt»IM-t)H OSr-g-tfo TV- Hi 2li, 

1 8 -2- L'CTJ V- K 1 4 !±'iM$?gift 

[004 9 ] SiMif -CJatoo*^^®**. r y - K 1 
2t*v- Kl 4 fc©HK*ffi*RUPi-4fcK>Klltt$ 

t££i;f-C&&o tft xll 1 8 <4>^#H + ><±, # v- K r 
4 0jg.i3^Ml 4 aT-ST-^}il#L> -f-atCioT^H 
SW*, ?g® 2 OOBng-errlii-tSo iliM 3 , *V-K1 30 
4l±-eo$il 4 bogi) *%Rtt(::EIKU ^LTiS« 

2 0 liil^clftlCSM 1 4 a ^"bli n., n-ju2 0 
atLTffMSW %Rft«ft (web) £ AMI" 4 0 

[0050] ^ eyfimt. m -1 * > & «t tfWftBSW* £ 

LT7-f Jl/?-24, ^©t (digester) 2 6, 7 -f >U * 
- 2 8 £gft LTTTflRRSn, *V'f? < > 3 0 «r|Sffl 

6 3&-fb ftteft 3 8 SrSfi L T SWKffl 2 6 ^igA $ 
*i& 0 1 o<aSJitoB&»-t\ &«f*ti, IRIS, WKfc 
S3, &&^i±'j*-r *;hh<ob^c&.& 0 sin, fifc&fc 

ffiau «t 0 L , MffiJf 2 6 <7)4>T*«I -f -A- > iffi&t 

ho 

[005 1 ] 'Gm.m\m-t>\ wtrnm* 0^04 2 



HHf 7-188969 
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kAT-*> 19 , ^ WjlkWfSrtfj;iK#T-(±^4 -^20mg/5>AA-C 
») , lc-e<7)'1t!lwmffer#^-C*l±*-j6~^20mg/73-AA 
•e* 19 , ? <b {c i fc*<r>ito<nmWil$TiM')8-~M20mg/ 

[0 0 5 2] *«m3tf>8Uwf(]jSJiJilLT*:a^4 : 
( 1 j) i 0 *ts«il : ftlppm5(c««>«[* -f * > iSS 

(iil#fa<J(C^{c4- < 4- 0 (drag-out), t£WU«t 0 (pla 
te-out), aflib(misting)4fcrizJ:l)tt»+*«)"e, 56 

[0 0 5 3] (2) K^At^fiWft^fb: S*0«O<t 

WML, \<t^\,t*fy^, /^7", 7<)^-it^fft 
tie *HK6itf», Wx.(Hfca«r3j»*>(i, K?A 

wtejni'riKWflrWJiniSritifliri'iMM^io Mm\<r>-)i 

[0 0 5 4] (3) ^ILYiX'Zi^t : isM-iA-ym^ 

s n , mmif&mmtm'pi- & „ i&m mm**® 1 

0 t , 1 Iff ~ 2 «T/h? 4" X*tt4 5 > 4 

[0 0 5 5] (4) ±<0'J?%^<l$A-(pit)&±V''£-r 
(dent) : «nfcWKWtt«r*trCLil?>0«*-e*tl— «t?& 

ilftfiiv J; & , tf 7 I- h-f^'ytn <%otz a 
[0 0 5 6] MT<n$mmi. *%W£Mmir2,®MX' 

[0 0 5 7] 

i-T&o J-t$SEf?U li, 1 - B, 1 - C, iJiO-'l - DT'* 

ixf><?)?s<^-€-n-mtci3(t^^iH^^t±, ?si - Atc±j 

0.03-0.05ppm) T'iJ:!:, iJionfillftf-^^iigftU 



(10) 



WBT 7-188969 
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[0 0 5 8] 
R2] 



18 



[0 0 5 9] iftfcofSWfe&KiteWi* JATO»l)"C 
£>4 : 

[0 0 6 0] 
[S3] 



C u S O 4 t£<Z) 
C u 4 " 1 (g / i ) 

mmrnm <«/i > 

( P P m) 
SK (*C) 
13zft£& (A/cm') 



1 - A 

9 3 
8 0 

0.03-0.05 
54. 4 

1. 51 

9 

2 



1 - B 



1 0 0 
8 0 

70-90 
60 
1. 44 



1 - C 

1 0 0 
8 0 

70-S0 
58 
1. 51 

0. 4 
2 



23*C (psi) 

UO'C (psi) 

180°C (%) 
(KIIN) 
23"C 



1 0 0 
8 0 

2-5 
57 
1.0 

2. 1 
I 

1 - A 1 - B 1 - C 1 - D 



100,000 55. 000 60,000 60.000 



1 1 



18 



23 2 
220 110 



I A 

1 B 

1 - C 

I - D 



[0 0 6 1 ] 1-A, 1 - B\ i$ X t>*] - DfS023t;U [SI4] 
h UX - Oi Jf ^|lti^S"lgl2(C^-ro -^^^Offfi 
<Sii, Cii^^Wif'n^UTS^^L, f LT1 

- a ?s* f flfe^js ( c tt-< t w ^ friz mn x ^ s c t z m 

-To 

[0 0 6 2] 1 - Affifrh 1 - n^ST-^JHt^SZllllfil* 
|]flc7)r^-U >yiLtz\k, 23 < CUiott4UT S Sr^n 40 

- *T-Jitt> Ltf LIJJ|]^*>;M4 9 ; h?aSC8rfJ*"C*> 
4o 1 ' A?S^-7°n y Hi, ?g^200'Cr*r--U >V 

l tzm> u t s o«*^ffi^<ciPj 8%ca^ic^j 

[0 0 6 3] 04^1271*, UlTU^+«t -7 (I, SH?S 

1 - a-ihisi - do, \%mmm<Dmm<ommmm 

TNfc4o rat*UlS8-Ell 1 (i, tJlTU^-tJ:^^, C 
^1 <b <7)?g<7\ «*19, OOOigcO T E MB«¥*T* 4 0 
[0 0 6 4] 50 
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29.0DO 29,000 33,000 30.000 



7 9 

130 140 



XI, 600 • &m X19,000 



8 5 



mi 



ia i o 
m i i 



[oo65] ia 4 *3 «t mm 8 nmfM r f- & a imst 

»»¥H ((214) *J:tfTEMlf«3W (HI 8) li, d 
o^^Wfi?^ 4 Xri* 1 < * n > * «-c* 4 t * m 

-to znntx, (is -m 7 ±5 «t cna9 -0 1 n*, r 

tt*^ : F^i3J:t^*«»^iS*^-ro ifc, 1115 
-0 7*3 J: UTa 9 -1211 Hi, 9>^^-C^v^iT-(7)^ 
ft, 04 *5«t(/ia8U^Sii4*i : l 1 *'f 0 

ltff-2tirA#^fe-T*^^X4-^-t 0 
[0 0 6 6] 11] 1 2-111 514, BLT^»Sp^*3(t4?S 



(1 1 

19 

1 - AWTEMilft^Kf*^ : 
[0 0 6 7] 

MM £M 

1 2 29.000 

1 3 58, 000 

1 4 72,000 

1 5 100,000 

[0 0 6 8] ZixbtnTEMWt&mis ISl-A**, 10 

JrivbltZ (Dfcco^-Mil-y- < 1 < 9 D > 
[0 0 6 9] WPili* Sf* Lv»*iteH!*KIWjiLTK 

^*JH<7)«ePfll*IUXS J: ') IZfttrZ t Srtl3Ltv> 
So 20 
[0 0 7 0 ] 

[%tE<7>^*] y°<)> hmmmpcB)<Dmmz^m 

[ElffiwBW&liiiW] 

[H 1 ] *ftWtf5*ft*KW-*-4 7D-y- h 

[12] il^Il - A, 1 - B, fciOM - DOX 

[in 3] utaiffiioisi - a, i - b, i - c, axv\ 30 
[ia 4] %vmn%\ - Acommz. ^mieoom^siiz 

[El 5] §ttfcftle>&i - BoffinS^ fi^ieooigtrfcTC 
[Ei6] ^i&f^ii^fS 1 - C W«\ fa$1600faUi/£7\ 
[El 7] •$mm<n$i l - DOWrM*, tt^KSOOfftUK;-*: 



i|#r»a¥ 7 - 1 8 8 9 6 9 
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[E18] Htfiif?iJ<7)?S 1 -A<0|«£, fSSpl9,000fl£i::te 

^LfcaasimTWtWi (tem) ®«^*-e&*„ 

[El 9] ?G4W7)?Sl - B<olOTfi&, ^.19,000^-Ute 

[eh 0] - commas mm.ooo^iz 

fit*; U:TE Mlift¥«T-* 4 0 
[Ell 11 mmv>® 1 - D<7>ISrUil"£, <£-4U9.(KX)fe-t- 

[Ell 2] mmW<Vffi 1 - AWIStIS^ fSSfS29. 000ffif(C 

L/:TE Mlllflf* 4 0 
[Ell 3] gjfcffloffil - AWWfiB*, «sp58.000fSU 

[Ell 4] fOfemofSl - Acol*rrK£, f§Jp72. OOOfl&l- 
i£7C L/:TE MH«¥*T* 4 0 
[Ell 5] ^*&^lJO?g] -A<7)ISrffi£> fgSUOO.OOOfg 

[ffsi-wyo] 

1 0 WBKriE-tA' 

12 T / - K 

14 * V - K 

Ma * V- KWfiiliS&iHi 

14b ii v - KOW 

l 6 

1 8 1gft¥$ffi 

2 0 fg« 
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